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employed (Amelia and Barbano 2013) . The casein in MCC produced using filtration processes has a unique functionality because it is closer to its native state than the casein in products obtained with chemicals or rennet (Beliciu et al. 2012; Sauer and Moraru 2012) . This renders MCC interesting for the application in milk and other products. MCC can be used in products such as cheese and cultured milk products (Amelia and Barbano 2013) as well as in high protein content beverages (Beliciu et al. 2012 ). In addition, it can be the source for bio-and techno-functional peptides (Post et al. 2012) .
Bacillus spores are ubiquitously present in the dairy environment and were isolated from a wide range of dairy products such as milk, protein concentrates, and milk powders (e.g., Lücking et al. (2013) ). For pasteurized liquid MCC produced at laboratory scale, mesophilic spore counts of 2×10 2 CFU.mL −1 were reported (Amelia and Barbano 2013) . The upper limits for total aerobic and spore counts in milk products such as concentrates or powders, defined by companies and/or regulators, are continuously lowered as their worldwide demand increases. For instance, the total aerobic plate count in milk powders intended to be used for the production of infant formula in China must not exceed 1,000 CFU.g −1 (Yuan et al. 2012) . Higher cell counts lead to the rejection of the products by the companies.
In general, the application of microfiltration (cut-off of 0.1 μm) such as during the production of MCC results in increased cell counts in the concentrates because bacteria and spores are retained in the MCC retentate during filtration. In addition, Bacillus spores can survive heating processes such as pasteurization and drying of milk due to their high heat resistance (Amelia and Barbano 2013; Scott et al. 2007; Walstra et al. 2006) . Proliferation and spore formation of thermophilic bacteria is also possible in sections with elevated temperatures (Scott et al. 2007) in the MCC processing plant. Because of this, companies might have difficulties to meet the requirements regarding the microbial quality of their MCC products. One possibility to reduce the microbial load in MCC is to inactivate vegetative cells and spores before the drying step, e.g., by heating the concentrate. Beliciu et al. (2012) and Sauer and Moraru (2012) performed first experiments on the ultra high temperature (UHT) heating of MCC. However, to our knowledge, no data are available concerning the inactivation of Bacillus spores in MCC. In this context the inactivation of spores of Bacillus cereus spp. is of special interest as they can be human pathogenic and are able to cause two different types of food-borne diseases: the diarrheal and the emetic type (Stenfors Arnesen et al. 2008) .
Two of the most important intrinsic properties of food products influencing the heat resistance of bacteria are the pH value and the water activity (Leguerinel et al. 2005) . It was shown that Bacillus spores are protected from thermal inactivation at low water activities and neutral pH values whereas at high water activities and low pH values the inactivation rates increase (e.g., Leguerinel et al. (2005) , Samapundo et al. (2011 ). In MCC produced from skim milk, the caseins are concentrated whereas other milk components such as whey proteins, lactose, and mineral salts are not concentrated or even reduced (Beliciu et al. 2012; Sauer and Moraru 2012) . As casein micelles are colloidally dispersed in the aqueous phase of the milk (Walstra et al. 2006 ), they do not influence the water activity. The water activity in liquid MCC, even at high protein concentrations, is thus not lower than in milk, and therefore, also the inactivation behavior of spores should not be changed. The other intrinsic property influencing the heat resistance of spores is the pH. The pH values of both milk and liquid MCC are in the neutral range (Beliciu et al. 2012; Walstra et al. 2006) . During heating, the pH value of milk and milk concentrates decreases (Anema 2009; Reineke et al. 2011; Walstra et al. 2006 ) due to changing dissociation constants, the precipitation of calcium phosphate and the simultaneous formation of H + (Walstra et al. 2006 ). The inactivation of spores is influenced by this pH development during heating depending on the properties of the buffer system of the heating medium (Mathys et al. 2008; Reineke et al. 2011) . In milk concentrates with high micellar casein concentration such as MCC, the buffering capacity is enhanced because of the high amount of caseins (Salaün et al. 2005; Wolfschoon-Pombo et al. 2012) . This might influence the pH decrease during heating and therefore also the spores' heat resistance due to a higher temperature stability of the buffer system of the heating medium. Anema (2009) did not observe an influence of the dry matter content of skim milk concentrates on the slope of the pH decrease during heating. However, to our knowledge, this behavior has not been studied yet for liquid MCC.
Therefore, the aim of this study was to examine the influence of increasing casein concentration in MCC on water activity, buffering capacity, and pH development during heating as well as on B. cereus spore inactivation. As pH development and water activity might not be influenced by the concentration of the MCC, we hypothesized that the thermal inactivation of B. cereus spores in MCC is similar to the inactivation in milk.
Materials and methods

Strain selection and spore production
The probiotic B. cereus strain IP5832 (ATCC 14893) was used as a surrogate for human pathogenic B. cereus strains and was kindly provided by Monika Ehling-Schulz (Department of Pathobiology, Institute of Functional Microbiology, University of Veterinary Medicine, Vienna, Austria). The production of the spores was performed as described in Stoeckel et al. (2013) . Briefly, spores were produced from growing cells on sporulation medium agar containing manganese. The spores were harvested after incubation at 30°C for 5 days using phosphate buffer and were washed eight times in total. Remaining vegetative cells were inactivated via a pasteurization step (80°C, 10 min) and the addition of ethanol to a final concentration of 35%. The final spore suspension (2×10 9 CFU.mL −1 ) was stored in phosphate buffer at <4°C.
Preparation of heating media
The MCCs (1.5%, 3.3%, 6.6%, 10.0%, 12.4%, and 14.3% protein content) were reconstituted using micellar casein powder (MCC 80, Sachsenmilch, Leppersdorf, Germany; composition: 80.2 g/100 g protein, 5.2 g/100 g lactose, 1.6 g/100 g fat, 4.6 g/100 g water). The appropriate amounts of powder were suspended in reverse osmosis (RO) water. The MCC test media were first stirred for 30 min at room temperature and then treated for 2 min with a disperser (Ultra Turrax IKA T18 basic, IKA-Werke, Staufen, Germany). In addition, sterile RO water and UHT milk (3.5% fat, 3.5% protein) were used as test media for the comparison of the heat resistance. As the pH of the MCC test media decreased with increasing protein content, the pH value of the different concentrates was adjusted to pH 6.9 with NaOH (0.25 M) (WTW pH192, Wissenschaftlich-Technische Werkstätten, Weilheim, Germany) for a better comparison of the results. pH 6.9 was chosen as this was the pH value of the MCC with 3.3% protein.
The pH values of water and whole milk were not adjusted. To reduce the initial microbial load, the MCC test media were pasteurized at 80°C for 10 min before the addition of the spore suspension.
The dry matter content of the heating media was determined according to the sea sand method (Verband Deutscher Landwirtschaftlicher Untersuchungs-und Forschungsanstalten (VDLUFA) Methodenbuch Band VI C 35.3:1985) . The protein content of the heating media was calculated from the nitrogen content measured with a nitrogen analyzer (LecoFP-528, LecoInstruments, Mönchengladbach, Germany) according to the method of Dumas (International Dairy Federation (IDF) 185:2002). A conversion factor of 6.38 was employed. The water activity was determined with a water activity meter (AquaLab CX-2, Decagon, Pullman, USA).
Inactivation experiments with B. cereus spores and calculation of D values
The spore suspension was mixed with the heating media in a ratio of 1:15 and given in screw-capped stainless steel tubes with a volume of 1.5 mL. The tubes were heated at 95°C in a temperature-controlled water bath (Compatible Control CC1, Huber Kältemaschinenbau, Offenburg, Germany) for different holding times ranging from 0 to 10 min. The holding time started after 1 min as the content of the tubes took 1 min to heat up (data not shown). The determination of the spore count before and after the heat treatments was performed after serial dilutions in Ringer solution (Merck, Darmstadt, Germany) on tryptic soy agar (TSA; Roth, Karlsruhe, Germany). The agar plates were incubated at 30°C for 4 days. Each experiment was repeated three times.
The D values in the different media for the inactivation of the spores at 95°C were calculated using the following equation (Mafart et al. 2010) with the least squares method employing Excel (Excel 2003, Microsoft, Redmond, USA) .
pH development of the heating media during heating and buffering capacity
The pH development of the heating media at temperatures ranging from 25 to 80°C was determined using a pH meter with temperature correction (WTW pH192, Wissenschaftlich-Technische Werkstätten, Weilheim, Germany). The pH development at higher temperatures was not examined due to the limited working range of the pH meter. Using a water bath temperature-stable buffer solutions (pH 7 (phosphate buffer solution) and pH 4 (citric acid buffer solution); Roth) as well as the heating media were heated up to the desired temperature. For the pH measurements, the pH meter was set to the appropriate temperature. In addition, before measuring the samples, the pH meter was calibrated at each temperature using the heated buffer solutions. The pH value of the buffer solutions did not change with increasing temperature. The pH of the samples at different temperatures was measured in three independent samples.
In addition, the buffering capacity of the heating media was determined using acidbased titration with NaOH and HCl at room temperature. The amount of NaOH (0.25 M) necessary to change the color of phenolphthalein added to 25 mL of the sample was measured based on the determination of the titratable acidity (IDF 81:1981) . The titration with HCl (0.1 M) was conducted until reaching pH 6.0 in a 25-mL sample. The amount of NaOH respectively HCl in milliliters was noted.
Statistical analysis
The obtained data were compared group-wise with a one-way ANOVA applying a Tukey's test. A P value of 0.05 was employed using SigmaPlot (SYSTAT Software, San Jose, CA, USA).
Results and discussion
The intrinsic properties of heating media that are the most important for the heat resistance of the spores are the water activity and the pH (Leguerinel et al. 2005) . Therefore, in addition to the heat resistance measurements of B. cereus spores, these properties were analyzed in detail. In general, Bacillus spores are protected from thermal inactivation at low water activities, and their inactivation is faster at low pH (e.g., Leguerinel et al. (2005) , Samapundo et al. (2011) , Stoeckel et al. (2013) ).
Water activity
The results for the measurements of the water activity of the different MCCs are summarized in Table 1 . The water activity values of the different media were not significantly different. The water activities were approximately 0.99 and are in accordance with literature data for the water activity of milk (Walstra et al. 2006) . As expected, the water activity of MCC was not significantly influenced by the protein content because the casein micelles are colloidally dispersed, and mainly nonionic solutes and ions influence the a w value (Walstra et al. 2006) . The components of milk that influence the water activity such as lactose and mineral salts are not concentrated or even reduced during the applied microfiltration process (Beliciu et al. 2012; Sauer and Moraru 2012) . The low amounts of lactose and mineral salts in the reconstituted test heating media used in this study explain the constant water activity even at high protein and dry matter contents.
Buffering capacity and pH development during heating
The pH is not a constant value. It changes with increasing temperature. The pH value during heating can increase, decrease, or stay constant, depending on the buffer system (Reineke et al. 2011 ). The pH development influences the heat resistance of spores. It was shown that spores suspended in buffers having the same initial pH but a different pH development during heating do not exhibit the same inactivation behavior (Mathys et al. 2008; Reineke et al. 2011) . Therefore, the heating media were further characterized regarding the buffering capacity as well as the pH development during heating at different protein contents. Table 1 summarizes the buffering capacity of the MCCs towards acidic and basic pH values. The buffering capacity increased with increasing protein content. The amounts of NaOH or HCl that were used at the different protein contents were significantly different. The highest buffering capacity towards acidic pH values was observed for MCC with 14.3% protein and towards basic pH values for whole milk (MCCs with 10.0%, 12.4%, and 14.3% protein were not examined due to the high viscosity of the concentrates). Also Salaün et al. (2005) and Wolfschoon-Pombo et al. (2012) observed an increased buffering capacity towards acidic pH values with increasing protein concentration in casein micelle suspensions. The increase in the buffering capacity is possibly due to the increased concentration of active buffer systems. In the pH range examined, active buffer systems are β-casein-phosphoserine (pK a =6.8), prim./sec. phosphate (pK a =7.2) and N terminal α-amino groups (pK a =7.7) (Wolfschoon-Pombo et al. 2012).
In Fig. 1 , the results of the pH development in the different heating media during heating from 25 to 80°C are shown. The pH values in all the samples decreased of about 0.4 pH units starting at pH 6.6 (milk) or pH 6.9 (MCC). The slopes of the pH decrease over temperature were not significantly different (P≥0.05) for all the media examined except for whole milk against MCC with 3.3% protein. Walstra (2006) The decrease of the pH of milk, milk concentrates, and casein solutions with increasing temperature was already described in literature (Anema 2009; Chaplin and Lyster 1988; Reineke et al. 2011 ) and the slopes were in the same range as the slopes observed in this study. The decrease of pH in milk and milk concentrate was attributed to the changing dissociation of ions and the supersaturation of calcium phosphate (Anema 2009; Walstra et al. 2006) . Increasing the temperature of skim milk and skim milk concentrates resulted in a decrease of soluble calcium and inorganic phosphate accompanied by a rapid decrease in pH (Anema 2009 ) because dissolved calcium and phosphate become supersaturated at higher temperatures and partly associate with the casein micelles as colloidal calcium phosphate. During the formation of colloidal calcium phosphate H + -ions are released, which reduce the pH (Walstra et al. 2006) . Milk with EDTA added to complex all the soluble calcium exhibited a lesser pH drop during heating indicating that the precipitation of calcium phosphate is involved in the pH drop (Chaplin and Lyster 1988) . The above-mentioned effects are likely to also cause the observed pH drop in MCC.
In this study, no difference in pH development was observed between milk and MCC and between MCCs at different protein contents. Also, Anema (2009) found that the slopes of the pH-temperature curves of skim milk concentrates at different concentration degrees did not differ. The pH drop with increasing temperature was independent of the amount of protein in the sample which was confirmed in this study.
To summarize, the pH development during heating of MCC was not related to the buffering capacity of the concentrate. The increased capacity to accept H + ions did not influence the pH drop. The pH drop in MCC was concentration-independent and similar to that in milk.
In this context, it has to be mentioned that a decrease in pH does not necessarily mean that the sample becomes more acidic (i.e., a higher activity of H + in relation to the activity of the base OH − ). Rather, a decrease in pH indicates that the activity of the hydronium ions increases. For example, Walstra et al. (2006) and Mathys et al. (2008) showed that in water, the pH decreases from pH 7 at 25°C to approximately pH 6 at 100°C due to the changing dissociation equilibrium while the medium stays neutral (equal activities of H + and OH − ions). This drop in pH is more pronounced than the pH drop observed for MCC in this study. Apparently, not only the fact that the heating Fig. 1 pH development in micellar casein concentrates with 1.5% (white circles), 3.3% (black triangles), 6.6% (white triangles), and 10.0% (black squares) protein as well as in whole milk (white diamonds) as a function of the temperature; pH was determined using temperature correction + sensor calibration at each temperature medium is neutral influences the heat resistance of the spores, but also the activity of the hydronium ions (which corresponds to the pH value).
Inactivation of Bacillus cereus spores in MCC
In Fig. 2 , the inactivation of B. cereus IP 5932 spores at 95°C in the heating media water, whole milk, and MCC with 1.5% to 14.3% total protein content is illustrated. The heating medium did not influence the inactivation of the spores. The calculated D values were not significantly different for all the media examined (Table 1) . A similar behavior was also observed for Bacillus amyloliquefaciens spores which were heated in MCC with different protein concentrations at 115°C. Also, for these spores, the heat resistance was not affected by the protein and dry matter content of the MCC (data not shown).
The heat resistance of the employed, probiotic B. cereus strain is comparable to the heat resistance of other human pathogenic strains (e.g., Mazas et al. (1999) ). In the present study, no increase in the spore heat resistance was observed with increasing protein and dry matter content of the MCC. Similarly, in skim milk and skim milk concentrates at 8.5% and 17.1% dry matter, Mazas et al. (1999) did not find differences in the heat resistance of spores of three different B. cereus strains. The addition of casein in a concentration of 2.5% to the heating medium phosphate buffer did not change the heat resistance of Clostridium sporogenes spores (Amaha and Sakaguchi 1954) . This is in contrast to studies on the heat resistance of mesophilic Bacillus spores performed in milk (9.4%-40.0% dry matter) and infant formula (9.8%-49.5% dry matter) concentrates where an increased heat resistance was observed at higher dry matter contents (Behringer and Kessler 1992; Stoeckel et al. 2013 ). The increased heat resistance of the spores in concentrates was explained with the lower water activity of the heating media at the high dry matter contents ) caused by high lactose and mineral salt contents. As in the present study, the water activity was not significantly decreased even at high protein and thus, dry matter contents of the MCC; this can be a reason why the spores showed the same heat resistance in all the media examined. Fig. 2 Inactivation of Bacillus cereus IP5832 spores in water (black circles), whole milk (white diamonds) and micellar casein concentrates with 1.5% (white circles), 3.3% (black triangles), 6.6% (white triangles), 10.0% (black squares), 12.4% (white squares), and 14.3% (black diamonds) protein at 95°C As discussed before, the pH drop during heating of the MCCs was not influenced by protein and dry matter concentration and was lower than the pH drop of water. In other studies, it was shown that the pH development of the media during heating had an influence on the heat resistance of Bacillus spores (Mathys et al. 2008; Reineke et al. 2011) . At 100°C, spores of Bacillus subtilis were inactivated faster in a buffer system exhibiting a pH decrease (ACES buffer system) than in a buffer system with temperature stability of the pH (phosphate buffer system) (Reineke et al. 2011) . The authors attributed this behavior to the different pH developments. Using the same buffer systems, Mathys et al. (2008) made the same observations for spores of Geobacillus stearothermophilus. In the present study, differences in the heat resistance of B. cereus spores were not observed because the pH decrease was not influenced by the product composition.
In summary, in our study, the spores of B. cereus showed the same heat resistance in all the media examined because neither pH development during heating nor water activity were significantly influenced by the concentration of the MCC. Thus, in order to reduce the spore count of MCC, a heat treatment after the concentration step is possible. Amelia and Barbaro (2013) demonstrated that the pasteurization of MCC led to products with a shelf life of longer than 16 weeks by reducing the vegetative cell count. Other studies evaluated the applicability of UHT treatments for MCCs (Beliciu et al. 2012; Sauer and Moraru 2012) and demonstrated that UHT heating of MCC is possible without product alterations . According to the results from this study, UHT heating processes can be designed based on the temperature-time combinations established for milk heat treatments as the heat resistance of B. cereus spores is not affected by the MCC concentration. However, it has to be kept in mind that spores might be concentrated during the microfiltration process leading to higher spore loads than in milk. As thermophilic Bacillus species are able to proliferate in milk processing plants, leading to high spore loads (Scott et al. 2007 ), examination of these spores might also be interesting for the development of an additional heating step of the MCC after the filtration.
Conclusion
The heat resistance of B. cereus IP5832 spores was not affected by the concentration of the examined MCC because the pH decrease during heating as well as the water activity was not significantly changed. In particular, the heat resistance of B. cereus spores in MCC was not increased in comparison to the heat resistance in milk. In order to enhance the shelf life and to reduce the total spore count, heat treatment of the final MCC is a promising process step before drying. When intending to inactivate spores of B. cereus, dairies can use the temperature-time combinations established for the heating of milk for the design of processes aiming at the thermal treatment of MCC as their heat resistance is not affected. The initial spore load of the concentrated milk, however, should be considered.
